The widespread contamination of food by mycotoxins may present a serious hazard to human and animal health. The gamma rays were applied to reduce ochratoxin A (OTA) and aflatoxins B 1 , B 2 , G 1 and G 2 (AFB 1 , AFB 2 , AFG 1 and AFG 2 ) in almonds artificially contaminated. In the present study we investigated the effect of gamma irradiation dosages, ranging from 0 to 15 kGy and the reduction of mycotoxins concentration in almond samples. In order to determine the efficiency of the method, a high-performance liquid chromatography method with fluorescence detection was used, the mycotoxins were extracted from almond samples and then purified with immunoaffinity columns. The maximum reduction was found at 15 kGy and it was 19.25%, 10.99%, 21.11%, 16.62%, 23.90% for AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA respectively. Results showed that gamma radiations even at 15 kGy, were not effective in completely destroying aflatoxins and ochratoxin A.
Introduction
A wide range of commodities can be contaminated with mycotoxins both pre-and post-harvest. Aflatoxins (AFs) are the most prominent group of mycotoxins. The major aflatoxins are called aflatoxin B 1 , aflatoxin B 2 , aflatoxin G 1 and aflatoxin G 2 (AFB 1 , AFB 2 , AFG 1 and AFG 2 ). Aflatoxins are produced by a polyketide pathway by many strains of Aspergillus flavus and Aspergillus parasiticus as secondary metabolites (Yu et al., 2008) .
The diseases caused by aflatoxin consumption are loosely called aflatoxicoses. Aflatoxins have been extensively studied with respect to their mechanisms of action, including their mutagenic and carcinogenic activity in human and animal populations. Recent studies demonstrated strong, significant positive correlations between estimated aflatoxin intake or aflatoxin levels in food samples and the incidence of liver cancer. (Report on Carcinogens,
Twelfth Edition 2011).
The International Agency for Research on Cancer (IARC) has produced sufficient evidence in humans for the carcinogenicity of naturally occurring aflatoxins (IARC, 1987) . This conclusion was reaffirmed in two subsequent reevaluations (IARC, 1993 (IARC, , 2002 . The IARC has posted aflatoxin B 1 on the list of probable human carcinogens (Jaimez et al., 2000) .
As a result of the high toxicity of aflatoxins and OTA, many methods have been used to reduce or eliminate them from different foods. The best way to reduce the mycotoxin content in food and feed is the prevention of mycotoxin formation in the field, but this is often not sufficient, so other methods are needed.
Physical, chemical or biological treatments of contaminated food and feed have poor efficacies and are not economically viable. Organic and inorganic adsorbents could be used to decrease the deleterious effects of contaminated foods, but many of them are banned for their adverse impact on human health and on the environment (UNEP, 1992; Loaharanu, 1998) .
Researches carried out world-wide in the past four decades have shown that ionizing radiation processing could be an effective alternative to chemical treatment of foods to reduce fungal spore contamination of seeds, food or feeds or to degrade mycotoxins already produced (Gupta, 2001) .
Treatment with ionizing radiation is considered as an effective physical method for the food preservation (Dhanya, Mishra, Khaleel, & Cheruth, 2009) , disinfestation, inhibition of sprouting, delay of fruit ripening, pasteurization and sterilization (Sánchez-Bel, Egea, Romojaro, & Martìnez-Madrid, 2008; Chauhan, Kumar, Nadanasabapathy, & Bawa, 2009; Waje et al., 2009; Sabato et al., 2009 ) and may be used to prolong shelf life of agricultural products (Queirol et al.,2002) .
Conflicting data exist on the effectiveness of gamma radiation on the elimination/destruction of mycotoxins from food matrices. Some researchers reported a significant reduction and in many cases the complete elimination of mycotoxins in various foods; (Jalili, Jinap, & Noranizan, 2010; Herzallah, Alshawabkeh, & AL Fataftah, 2008; Prado et al., 2003; Jalili, Jinap, & Noranizan, 2012) ; other data, instead, are in complete disagreement with these (Hooshmand & Klopenstein, 1995; Feuell, 1966 ).
In the current study, we investigated the effect of gamma irradiation dosages, in the dose range of 0.5-15 kGy, on the reduction of AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA in raw unpeeled almond kernels (Prunus dulcis).
Reagents
AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA standards were purchased from Sigma-Aldrich Co (St. Louis, MO, USA). Syringe Filters was from Merck (Millipore; Milford, MA, USA); the C 18 Luna HPLC column and security guard cartridge C 18 were from Phenomenex (Torrance, CA, USA). The Aflaprep and Ochraprep immunoaffinity columns were obtained from r-Biopharm Rhône Diagnostic Technologies Ltd. (Glasgow, UK). All reagents used us hexane, acetic acid, trifluoroacetic acid were of analytical grade while HPLC solvents were of HPLC grade and were purchased from Carlo Erba (Milan, Italy).
Method

Sample Collection
Shelled almonds (Prunus dulcis (Mill.) D.A. Webb) variety Tuono were collected at the end of August 2011 in a local farm located in Naro, Agrigento (Sicily). Unpeeled almond kernels were obtained from shells by hand-processing and dried fruits were transferred to laboratory in polypropylene bags under cool conditions.
Sample Preparation
To investigate the effect of gamma doses on mycotoxins reduction, 30 almond samples (5 g each) were crushed, crumbled, pounded in a mortar, spiked with AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA at 20 ng/g, packaged in polyethylene bags and irradiated in the dose range of 0.5-15 kGy.
Irradiation
Irradiation of the almond samples, (5 g each, packaged in polyethylene bags) with gamma rays was carried out at the ISOF-CNR Bologna, in the 60 Co Nordion Gammacell 220, having a dose rate of about 7.5 Gy/min; irradiation chamber temperature during irradiation was 25 °C. The bags containing the almond samples were enclosed in a plastic chamber with wall thickness of 0.4 g/cm 2 which is suitable for establishing electronic equilibrium. The dose rate of the Gammacell for the reference geometry was determined with the alanine reference transfer standard dosimeters from RISØ high dose reference laboratory, with an expanded uncertainty of 2.8% at 95% confidence level. The applied doses were 0.5, 1.5, 3, 5, 10, and 15 kGy. The non irradiated samples were kept separated as control lots. All samples were stored at -4 °C until further analysis.
Mycotoxin Analysis
A sample of almonds (5 g) was mixed with 20 mL methanol/water (80:20 v/v) and shaken well for 10 min. After filtration an aliquot of 5 mL was used for aflatoxin analysis and another one of 5 mL was used for OTA analysis. 5 mL from the filtrate were diluted with 40 mL PBS and mixed for 1 min. Mixture was loaded onto the Aflaprep (flow rate 2 mL/min) and washed once with 20 mL of deionized water. The column was then allowed to dry by passing air through it. AFB 1 , AFB 2 , AFG 1 , AFG 2 were carefully eluted with 3 mL of acetonitrile. The eluate was then evaporated to dryness under a gentle stream of nitrogen and aflatoxin derivatives were obtained by adding 400 μL hexane and 100 μL trifluoroacetic acid. Then, 2 mL of a solution of deionized water/acetonitrile (9:1, v/v) were added and vortex for 30 sec. to allow layers to separate. Aqueous layer containing aflatoxins was filtered through a 0.45 μm syringe filter tip and analyzing by HPLC/FLD.
Ochratoxin A (OTA) Determination
Ochratoxin A was determined according to the methodology described by Villa and Markaki (2009).
5 mL from the filtrate were diluted with 40 mL PBS and mixed for 1 min. The mixture was loaded onto the Ochraprep immunoaffinity column (flow rate 2 mL/min) and washed once with 20 mL of deionized water. The column was then allowed to dry by passing air through it. OTA was carefully eluted with 3 mL of a solution of methanol/acetic acid (98:2, v/v). The eluate was then evaporated to dryness under a gentle stream of nitrogen. The residue was dissolved immediately in 1 mL water/acetonitrile/ acetic acid (60:40:2), filtered through a 0.45 μm syringe filter tip and analyzing by HPLC/FLD.
HPLC Analysis
Reversed phase HPLC with fluorescence detection was used to determine AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA. The instrumentation was an Agilent 1100 Series liquid chromatograph included a binary pump (Model G1312A; Agilent, Agilent Technologies; Hewlett-Packard, Waldbronn, Germany), a fluorescence detector (Model G1312A; Agilent), a Rheodyne 7125 injection valve fitted with a 20 μl loop and a column temperature controller (Thermosphere TS-130; Phenomenex, Torrance, California). Separation was achieved using a C 18 5 μm particle size column (Luna C18 (2) 100A, 150 × 4.6 mm), equipped with a security guard cartridge C 18 (4 × 3.0 mm) which was maintained at 40 °C. The mobile phase consisted of water/acetonitrile (70:30) for aflatoxins and water/acetonitrile/acetic acid (60:40:2) for OTA. The mobile phase for AFs was filtered through Millipore filters (0.45 µm) before use, as well as the mobile phase for OTA. The detection of AFB 1 , AFB 2 , AFG 1 , AFG 2 was carried out at λ ex 360 nm and λ em 440 nm. The detection of OTA was carried out at λ ex 335 nm and λ em 465 nm. The flow rate was 1 mL/min and the retention times were 3.1 min for AFG 1 , 6.1 min for AFG 2 , 3.6 min for AFB 1 , 7,7 min for AFB 2 and 18.2 min for OTA (Figure 1 ). Phosphate-buffered saline (PBS) was prepared by dissolving 0.2 g potassium chloride, 0.2 g potassium dihydrogen phosphate, 2.92 anhydrous disodium hydrogen phosphate and 8.0 g of sodium chloride in 900 mL of distilled water. After adjusting the pH to 7.4 using 0.1 M HCl /0.1 M NaOH if necessary, the solution was made up to 1000 mL.
Calibration Curve
Working standard solutions were prepared daily by diluting the stock standard solutions in acetonitrile and stored at -4 °C in amber colored glass bottles to protect them from direct light exposure.
To assess the possible effects of endogenous components in the food items, matrix-matched calibration was used for the quantification.
Five concentrations of matrix matched calibration (4, 8, 15, 20 and 25 μg/Kg) were prepared by spiking to the extract of blank almond sample with appropriate amounts of AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA working solutions, and following the clean-up and derivatization procedure.
The results show that the standard calibration graphs were linear over the same range for AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA (4.0-25.0 ng/mL), correlation coefficients (r 2 ) 0.998 for all mycotoxins. Limit of Quantitation (LOQ) values were found to be in the range 0.83-1.10 ng/mL; Limit of Detection (LOD) values were found to be in the range 2.70-3.60 ng/mL. Three replications were carried out for each concentration. Each aflatoxin and OTA peak in the chromatogram was identified by comparing retention times with those of corresponding reference standard. The quantity of aflatoxin and OTA in eluate injected was determined by the respective standard curve of AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA.
Statistical Analysis
Analysis of variances (ANOVA) was used to investigate the significant effects of gamma doses on the reduction of mycotoxins in almond samples. Comparison of the means was conducted using ANOVA with Post Hoc Turkey's test at p < 0.05.
Results and Discussion
The data represented in Table 1 show the effect of gamma ray doses (5, 10, and 15 kGy) on the per cent reduction of AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA in almond samples. The samples irradiated at 0.5, 1.5 and 3 kGy, showed no significantly reduction. The effect of gamma irradiation dose on mycotoxins reduction was significant by increasing gamma ray dose from 10 to 15 kGy. In our results, the greatest per cent reduction was obtained by irradiation at 15 kGy, which ranged from 10.99 ± 0.25 to 23.90 ± 0.80 for aflatoxins and ochratoxin A.
The minimal reduction of the content of AFs and OTA is probably due to the absence of water in the samples irradiated.
Water appears to have an important effect on the reduction of AFs and OTA by gamma radiation. In fact, radiolysis of water produces free radicals that could react with mycotoxins (Jalili, Jinap, & Noranizan, 2012 Vol. 3, No. 4; 2014 The addition of free radicals to double bonds, especially to those in aromatic or heterocyclic rings of mycotoxins, is an energetically positive reaction that can be considered responsible to reduction of AFB 1 and AFG 1 levels. 
Conclusion
The effects of gamma irradiation ranging from 0.5 and 15 kGy on the percent reduction of the mycotoxins AFB 1 , AFB 2 , AFG 1 , AFG 2 and OTA in almond samples were investigated. The results showed that 15 kGy dose was not sufficient to completely destroy the AFs and OTA.
Unfortunately it is not possible to increase the dose of ionizing radiations since the FAO/IAEA/WHO Expert Committee on Food Irradiation concluded already in its report of 1981 that "the irradiation of any food commodity up to an overall average dose of 10 kGy presents no toxicological hazard, hence, toxicological testing of food so treated no longer required."
It is therefore concluded that the decontamination of mycotoxins by irradiation is necessary prior to their production from moulds.
